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of vasa vasorum.
Methods: Paired segments of great saphenous veins harvested either with conventional harvesting technique or
no-touch technique were obtained from 9 consecutive patients undergoing coronary artery bypass grafting. Quan-
titative measurements, using immunohistochemistry and morphometry, were performed. Ultrastructural analyses
of vasa vasorum were performed with electron microscopy. Video footage of superficial vasa vasorum in an im-
planted saphenous vein graft harvested with the no-touch technique was captured during a coronary bypass op-
eration and is presented for online viewing.
Results: The total area of vasa vasorum in vein grafts harvested with the conventional technique was significantly
reduced both in the media (P¼ .007) and in the adventitia (P¼ .014) compared with vein grafts harvested with the
no-touch technique. Ultrastructural findings indicated that the no-touch technique preserved an intact vasa vaso-
rum whereas the conventional technique did not. Video footage showed retrograde flow in the vasa vasorum in
vein graft harvested with the no-touch technique.
Conclusions: These findings show that the no-touch technique for saphenous vein graft harvesting for coronary by-
pass grafting preserves an intact vasa vasorum.This could represent one of themechanisms underlying the improved
patency of saphenous vein grafts harvested with this technique. (J Thorac Cardiovasc Surg 2011;141:145-50)Video clip is available online.
The use of the saphenous vein (SV) as a conduit for coronary
artery bypass grafting (CABG) was first described by Fava-
loro1 40 years ago, and this vein remains the most widely
used graft despite a patency rate of about 60% at 10 years
compared with more than 90% for the internal thoracic
artery.2,3
With conventional harvesting technique (CT), the SV is
stripped of its surrounding tissue and distended to overcome
spasm, procedures that are known to cause vein wall
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The Journal of Thoracic and Canique was introduced, the no-touch technique (NT), in which
the SV is harvested with its pedicle of surrounding tissue.5
This technique prevents the graft from spasm, and distention
is therefore not needed.6 A prospective randomized trial
showed a significantly increased patency rate at 8.5 years for
SVs harvested with NT compared with CT (90% vs 76%).7
The pedicle of tissue surrounding the SV is composed of
fat, elastic tissue, nerves, and vasa vasorum, a network of
nourishing microvessels supplying nutrients and oxygen to
the blood vessel wall. Vasa vasorum is more pronounced
in muscular veins than in arteries and extends deep into
the tunica media. With CT the surrounding tissue, including
parts of the adventitia, is stripped off and the vasa vasorum is
damaged. The aim of this study was to evaluate the morphol-
ogy and function of vasa vasorum in SV grafts harvested
with NT compared with CT. Quantitative morphometric
analyses of vasa vasorumwithin the vein graft wall were per-
formed using immunohistochemistry and an automatic im-
aging system. Ultrastructural changes were studied using
transmission (TEM) and scanning (SEM) electron micros-
copy. The restoration of blood flow through the vasa vaso-
rum was recorded by video camera during a typical/
representative CABG procedure in which vein grafts har-
vested with NT were used.PATIENTS AND METHODS
After ethics committee approval and patients’ written consent, an addi-
tional 7-cm SV segment was obtained from 9 consecutive patients whordiovascular Surgery c Volume 141, Number 1 145
FIGURE 1. Representative transverse sections of no-touch (NT) and con-
ventionally (CT) harvested saphenous vein segments from a coronary by-
pass patient used for CD34 immunolabeling to identify endothelial cells
(brown reaction product). A, Adventitia; M, media. Scale bar ¼ 0.5 mm.
TABLE 1. Vasa vasorum in SV grafts for NTand CT for 9 patients and
2 grafts per patient with 1 graft for each harvesting technique
NT
Mean (SD)
CT
Mean (SD)
Difference NT-CT
P*
Media
Density 48.0 (13.9) 50.9 (21.8) .65
Size 138.3 (21.1) 129.7 (23.1) .18
Total area 27,502 (13,946) 18,359 (9241) .007
Adventitia
Density 94.5 (24.7) 101.9 (48.8) .61
Size 198.6 (46.1) 164.1 (44.5) .11
Total area 36,472 (12,826) 22,206 (7598) .014
SV, Saphenous vein; NT, no-touch technique; CT, conventional harvesting technique;
SD, standard deviation. *P values from testing equality in mean values using a mixed
model analysis with allowance for 2 grafts from each patient. Density ¼ numbers per
square millimeter. Size and total area ¼ square micrometers.
Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
CT ¼ conventional harvesting technique
NT ¼ no-touch technique
SD ¼ standard deviation
SEM ¼ scanning electron microscopy
SV ¼ saphenous vein
TEM ¼ transmission electron microscopy
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Dunderwent CABG at O¨rebro University Hospital (9/9 male, 51–65 years of
age).
From each patient half of the additional SV segment was harvested with
CT, during which procedure the vein was stripped of surrounding tissue and
distended with 0.9% saline solution at a controlled pressure of 300 mm Hg
for 1 minute. The other half of the SV segment was harvested with NT, in
which the vein was neither stripped nor distended.
The samples were then immediately immersion-fixed for 5 hours at 4C
in 4% formaldehyde for light microscopic immunohistochemistry and in
4% paraformaldehyde and 2% glutaraldehyde (in 0.1-mol phosphate
buffer, pH 7.4) for the SEM and TEM study.
Immunohistochemistry
Formaldehyde-fixed tissues were paraffin embedded and cut into 4-mm
transverse sections onto DAKOChemMate Capillary gapmicroscope slides
(DakoCytomation Denmark A/S, Gostrup, Denmark) and placed in an oven
maintained at 60C for 1 hour. The slideswere then subjected to immunohis-
tochemistry as follows. After initial deparaffinization, antigen was retrieved
by microwaving the slides in a Tris–ethylenediaminetetraacetic acid buffer,
pH 9 at 650 W, for 30 minutes. So that endothelial cells could be identified,
immunohistochemistry was performed according to ChemMate DAKO En-
Vision Detection Kit (DakoCytomation Denmark), with primary antibody
incubation for 25 minutes at room temperature (CD34, clone QBEnd-10,
1:100 DakoCytomation Denmark). Negative control slides were prepared
by substituting primary antibody for Dako ChemMate antibody diluent (Da-
koCytomation Denmark). Images from slide-mounted sections were cap-
tured (via times 12.5 objective) with a Zeiss Axiocam MRc5 color camera
(Carl Zeiss AG, Oberkochen, Germany) on an automated Zeiss Axioplan
Microscope using Zeiss Axiovision software (final magnification of sections
viewed on monitor>300 times). The images were normalized and the bor-
ders of media (between the internal and external elastic laminae) and adven-
titia (between external elastic laminae and the border of surrounding tissue)
were manually defined. Measurements of media and adventitial area within
the defined borders were performed. Endothelial cells and each area of de-
tected vasa vasorum were automatically identified by the imaging system.
Total vasa vasorum area (the sum of all areas detected) and density (number
of detected vasa vasorum per square millimeter) were calculated within the
media and the adventitia, respectively. In most cases, 2 sections were ana-
lyzed for each sample and the mean values recorded. Image processing
and analysis was carried out using Zeiss KS400 software.
TEM
After fixation, the specimens were postfixed in 1% osmium tetroxide (in
0.1-mol/L sodium cacodylate buffer) for 1 hour at 4C, washed in sodium
cacodylate buffer, and then dehydrated by gradually increasing concentra-
tions of ethanol, followed by propylene oxide. Specimens were embedded
in Araldite adhesive (Huntsman Advanced Materials, Hong Kong) and po-
lymerized at 60C for 48 hours. Ultrathin sections (80–85 nm) were stained
with uranyl acetate and lead citrate and subsequently examined with a Phi-
lips CM-120 TEM (Philips, Andover, Mass).146 The Journal of Thoracic and Cardiovascular SurgSEM
After fixation, the specimens were washed in phosphate buffer and then
sectioned either longitudinally or transversally. The specimens were then
post-fixed in 1% osmium tetroxide (in 0.1-mol/L sodium cacodylate buffer)ery c January 2011
FIGURE 2. Transmission electronmicroscopic features of vasa vasorum in NT (A–C) and CT (D–E) saphenous vein graft preparations. Note the open lumen
in all vasa vessels in NT preparations (A–C); also note the presence of red blood cells within the luminal space (lu). In CT preparations vasa are frequently
collapsed or constricted so that the luminal space is closed and not readily visible (D). In (E) note the damage to a vasa vessel by CT harvesting; also note red
blood cells outside the vascular pool. In contrast, image (F) shows a rather well-preserved vessel. Original magnifications: A, D,35600; B, E, F,32650; C,
34400.
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gradually increasing concentrations of ethanol (from 25% to 100%). Spec-
imens were transferred to acetone (two exchanges of 10 minutes each) and
dried in the critical-point dryer (replacement of acetone with liquid carbon
dioxide at critical point) and then mounted on aluminium pin stubs (32 mm
in diameter) with sticky carbon tabs. They were subsequently surface-
coated with gold in a SC500 Sputter Coater Operator (Elexience, Paris,
France) and examined with a JSM-5410LV SEM (JEOL Ltd, Tokyo,
Japan). The images were captured electronically.
Video Uptake
During a CABG operation the flow through the superficial network of
vasa vasorum in an SV graft harvestedwith NTwas captured, when the graft
was perfused via the arterial line from the heart–lung machine, after the dis-
tal anastomoses had been performed, using a digital video camera recorder
(Panasonic DVX 100A; Panasonic Corporation, Seacaucus, NJ).
Statistical Analysis
The distributions of vasa microvessel density and area were described by
mean and standard deviation (SD). Differences of density and area between
the segments (samples) collected with the NT and the CT were analyzed in
a mixed model analysis.8 This was done inasmuch as 2 segments were taken
from each patient and the correlation between samples from the same patientThe Journal of Thoracic and Cahad to be taken into account. The technical specification of the mixed model
included density and area as continuous outcome variables, the harvesting
technique as a binary factor (CT or NT) and a correlation structure with
compound symmetry, and the degrees of freedom given by the Satterthwaite
method. The raw data did not reject the normality assumptions, tested with
the Shapiro–Wilk test, but as an extra precaution we also performed the
analysis on logarithmically transformed values. Because this analysis
gave similar results, we report results only for the untransformed data. Sta-
tistical analysis was performed using SAS software, version 9.1.3 (SAS
Institute, Inc, Cary, NC).RESULTS
Immunohistochemistry
Quantitative measurements showed that the area of the
media in CT preparations was reduced by 29% (SD 16%)
compared with that of NT harvested veins (CT ¼ 2.97
mm2 [SD 0.99 mm2] vs NT ¼ 4.42 mm2 [SD 2.18 mm2]).
The area of the adventitia in CT preparations was reduced
by 38% (SD 24%) compared with the adventitial area of
NT grafts (CT ¼ 1.7 mm2 [SD 0.7 mm2] vs NT ¼ 2.4
mm2 [SD 1.0 mm2]). The differences did not reach statisticalrdiovascular Surgery c Volume 141, Number 1 147
FIGURE 3. Scanning electron microscopy showing a potential opening of
vasa vasorum (arrow) in the endothelium in an NT vein graft. Original mag-
nification 33000.
Acquired Cardiovascular Disease Dreifaldt et al
A
C
Dsignificance (Figure 1). The mean ratio of the density be-
tween vasa vasorum in the media and the adventitia did
not differ significantly between NT and CT preparations ei-
ther (P ¼ .65, P ¼ .61). In both preparations the mean den-
sity of the adventitial vasa vasorum was twice that of the
media. The size of each detected microvessel of vasa vaso-
rum showed a tendency to be smaller in CT vein grafts
than in NT vein grafts, both in the media (P ¼ .18) and in
the adventitia (P ¼ .11). Considering the density and sizeFIGURE 4. Bleeding from an incised vasa vasorum of SV graft h
148 The Journal of Thoracic and Cardiovascular Surgof vasa vasorum and the area of media and adventitia in
CT and NT vein grafts, the total area of vasa vasorum in
the media was significantly reduced in CT compared with
NT vein grafts (P¼ .007), as was the total area of vasa vaso-
rum in the adventitia (P ¼ .014) (Table 1).TEM
No quantitative assessment of electron microscopy was
performed. TEM confirmed that in NT preparations a rich
network of vasa vasorum was present, located in the adven-
titia, the adventitial/medial border. and the outer media. The
lumen of these vessels was characteristically open (Figure 2,
A to C).
Within the remnant of the adventitia of CT preparations,
both structurally changed and unchanged vessels were ob-
served, but a network of vasa vasorum was difficult to find
with TEM (Figure 2, D to F). Vessels of smaller diameter
were particularly affected, collapsed (Figure 2, D) or oc-
cluded with red cells. Some of the vessels were severely
damaged (Figure 2, E). Other vessels were relatively unaf-
fected, with a normal structure and an open lumen. These
vessels were usually arterioles or venules of larger diameter,
which were still present in the remaining portion of the
adventitia (Figure 2, F).SEM
SEM showed structures indicating luminal openings in
the endothelium of the SV only in those grafts that were har-
vested with NT (Figure 3).Clinical Observation
A functional vasa vasorum was confirmed and recorded
during one typical/representative CABG operation in which
an SV graft harvested with NT showed a rapid retrograde
filling of superficial vasa vasorum in the surrounding peri-
vascular tissue. The NT vein graft was perfused with blood
from the arterial line from the heart–lung machine before
completion of the proximal anastomoses according to our
routine procedure.arvested with the NT technique (screen shot from the video).
ery c January 2011
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flow through these microvessels that refilled as the forceps
were released. Furthermore, bleeding occurred when the
vasa vasorum was cut with a scalpel, confirming the exis-
tence of a communication between vasa vasorum and the lu-
men of the vein (Figure 4).
These findings were video recorded and are presented for
online viewing (see Video 1).
DISCUSSION
We have shown that the NT for SV graft harvesting pre-
serves an intact vasa vasorum. When the SV is prepared us-
ing the CT, the adventitia is partially removed, a procedure
that will result in damage to the vasa vasorum. There is ex-
perimental evidence that interruption of blood flow through
the vasa vasorum in arteries by a close-fitting external cuff
results in transmural ischemia that leads to neointimal hyper-
plasia and the eventual appearance of atherosclerotic le-
sions.9 Inasmuch as the requirement for a functional vasa
vasorum in veins is greater than in arteries, where oxygen/
nutrients are obtained by diffusion from luminal blood, dam-
age to this microvessel network is likely to have more seri-
ous consequences. Removal and disconnection of the vasa
vasorum during conventional SV graft harvesting may there-
fore be expected to initiate similar events and could contrib-
ute to graft failure.
In large veins, such as the SV, there is an interaction be-
tween the vasa vasorum and the mechanical properties of
the vessel wall. The CT for vein graft harvesting renders
the vein graft spastic and therefore it has to be distended. In-
creased luminal pressure induces a shape change in the vasa
vasorum, from their original circular appearance to an ellip-
tical shape, and this results in a reduction of blood flow in the
media of the vessel causing loss of the wall elasticity.10 In
CT preparations the total vasa vasorum area was 37% lower
than that in NT preparations, reflecting a shape change and
diminished area of the vasa vasorum in CT vein grafts.
The vasa vasorum of the SV is densely innervated mainly
by unmyelinated sympathetic nerves, and the presence of
several layers of surrounding smooth muscle cells implies
that the vessels of the vasa vasorum actively regulate their
own tone.11 It is likely that surgical and distention-induced
trauma causes constriction of vasa vasorum and consequent
reduction in blood supply to the vessel wall.
In this study, as previously shown,12,13 there is TEM
ultrastructural evidence that the vasa vasorum in vein
grafts prepared by CT are disrupted and collapsed and
exhibit erythrocyte ‘‘plugging.’’ These events would
potentially occlude the vasa vasorum system, and in the
present study we found such occlusions present even in
the two CT samples that had an intact adventitia as
demonstrated by TEM. SEM showed a possible
communication between vasa vasorum and the lumen of
the SV, which confirms our previous results.14The Journal of Thoracic and CaThe suggestion made by Crotty15 that luminal blood flow
to the vein graft wall may occur via the vasa vasorum is sup-
ported by our video footage, which clearly showed blood
flow through these vessels in NT vein grafts after their im-
plantation in CABG. We suggest that if the adventitial layer
is left intact the vasa vasorum is preserved and maintains
a ‘‘sealed system’’ that restores blood flow to the graft
wall from the SV lumen.
The preservation of vasa vasorum in the vein graft has the
potential to prevent ischemia and malnutrition, providing an
additional mechanism explaining the improved long-term
patency for SV grafts harvested with NT.16-18Limitation of the Study
The quantitative measurements were carried out on veins
obtained from a small number of patients. Inasmuch as CT
and NT preparations were performed of the same veins
from each patient, the comparison is relevant. Also, there
was a relatively high variability in measurements that re-
flects the individual variations between patients, variation
of vessel wall thickness within the same vein, and the inev-
itable variation associated with stripping the adventitia when
preparing by the CT.CONCLUSIONS
Our findings show that the NT for SV graft harvesting for
CABG preserves an intact vasa vasorum. This could repre-
sent one of the mechanisms underlying the improved pa-
tency of SV grafts harvested with this technique.
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